ABSTRACT. Despite decades of debate and policy interventions, the wicked social-ecological problem of anthropogenic climate change continues to threaten the sustainability of local communities. Impacts resulting from a rapidly changing climate are now inevitable yet variable in their nature and timing, depending on the extent to which local communities can respond. Transforming to low-carbon communities requires the ability to interrupt the inertia in existing development paths and shift these to more sustainable trajectories. Intervening in local development paths to mitigate climate change requires understanding the multilevel interactions between actors, practices, structures, and ecosystems implicated in system transformations. In this paper we explore the synergies between the multilevel perspective on transitions, social-ecological systems thinking, and social practice theories. We use these to conceptualize an integrative analytical framework capable of assisting researchers and local governments to understand how development path trajectories are sustained, and hence, which local climate initiatives are more likely to change the inertia of current development paths, and which ones only tinker at their edges.
INTRODUCTION
The December 2015 COP 21 negotiations resulted in an aspirational commitment to limit the increase in the global average temperature to 1.5°C (UNFCCC 2015) . It is clear, however, that we need to dramatically change our current development path trajectories if we are to achieve this objective. This need for change can be considered particularly critical in light of the fact that current intended nationally determined contributions (INDCs) , are seen by many as "reach" targets for greenhouse gas (GHG) emission reductions, yet still result in between 2.7° and 3°C of global warming by century's end (UNFCCC 2015) . These plans fall short of the IPCC's COP 21 consensus targets of "well below 2°C above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5°C" (UNFCCC 2015:2) , and far away from what others claim is critical, a carbon neutral economy by 2050 (WWF 2011 , B Team 2015 , The Elders 2015 .
There are numerous examples of social and technological innovations at the local community level (Castán Broto and Bulkeley 2013 ) that strive to mitigate and adapt to climate change, e.g., solar hot water heating, green roofs, bicycling infrastructure, green "fee"-bates, carbon reserve funds, etc. However, it is difficult to know which of these will address what Levin et al. (2012) refer to as "a super wicked problem," that is, one where solutions are sought by the problem's creators, central authority for addressing the problem is weak or nonexistent, action is delayed because of discounting its severity, and time is running out. Understanding the relationship between these innovations, development path change, and transformative change is an urgent challenge. The degree and impact, as well as the timing of change in development paths is interpreted differently by different observers and scholars; what for some constitutes transformative change, others consider merely incremental or status quo, for example, the use of nuclear energy in moving to a low-carbon economy or a carbon neutral economy. Similarly, some consider a low-carbon economy to be transformative, and others merely a transitional phase because they believe the only possible way to transform the energy system is by moving to carbon neutrality. These judgements may depend on different starting points (what is the baseline) as well as the outcomes or impacts of the change in development path. It is clear that in the absence of clear definitions and criteria for analyzing "change" in development paths, we shall remain in the dark about the potential contribution of planned interventions to alter development pathways. We argue that because of the increasingly coevolving nature of human and natural systems and the magnitude of human impacts on social-ecological systems that our species is now at a stage in its evolution where it must deliberately and intentionally intervene in current development path trajectories.
Four notable system conditions complicate the study of transforming current development trajectories. First, climate change is an inherently complex problem that requires understanding the dynamic relationships between social, political, economic, and ecological dimensions (Cash et al. 2006) . Second, investigating changes in development paths presents challenges in terms of how to identify and measure the continuum from superficial change to radical system transformation (Dale, Potvin, Mousseau, et al., e-Dialogue, https ://www. changingtheconversation.ca/node/73). Third, certain underlying forces that influence unsustainable development paths, such as technological lock-in and path dependency, can seem invisible and difficult to address, particularly at local scales (Unruh 2000 , Bulkeley 2010 , Castán Broto and Bulkeley 2013 . The fourth condition is the relative powerlessness of local governments to influence change in the face of global dynamics and institutions (such as the WTO). Given these difficulties, local governments struggle to decide when and where to intervene in a particular system, what actions to take when (or if) they find the leverage points, how to enlist the support of other levels of government, and finally, which outcomes are indicative of incremental, transitional, or transformative change. Processes of interplay within and among different levels of societal organization can https://www.ecologyandsociety.org/vol23/iss2/art13/ counteract these forces but too often work to the disadvantage of local governments when their actions are limited or undermined by powerful institutions operating against them. In the face of these obstacles, evaluating options based on an understanding of which new strategy, plan, program, or initiative might contribute to a more climate-friendly or sustainable trajectory remains challenging without an integrative framework that incorporates place, people, and politics.
Linked social-ecological systems inevitably change with a changing climate. The question is, can local governments steer such change to ensure sustainability of these systems? In order to tackle such a challenge, we first need to understand the nature of these changes, and be able to effectively interrogate the complexities inherent in development path transformation. We need to recognize whether such change simply consists of modest, incremental steps or leads to socio-technical system transformation. As a result of the rigidity of regimes, pathdependency, and lock-in, truly radical alterations are relatively rare (Geels 2010, Vergragt and Brown 2012) . Where low-carbon transitions are concerned, socio-technical systems tend toward incremental change along predictable trajectories, following existing curves; there is rarely a shifting from one development curve (or trajectory) to another (Dale, unpublished manuscript) Addressing climate change is not about turning the corner and going from a high emissions trajectory to a lower one; rather, it's about moving to a carbon neutral economy. But, what kind of changes are necessary at the local level? More critically, is it possible for governments to intentionally intervene when we do not have a way of analyzing existing development paths? Questions such as how a community jumps from one path to another, what processes are involved, and what evidence of such jumps can be observed, are fundamental for moving to a carbon neutral economy, and accordingly, an analytical framework is needed that enables us to answer these questions. This paper explores a framework for assessing development path change, and unpacking the complex socio-technical systems, regimes, and everyday social practices that constitute development paths. Currently, scholarly consensus does not exist around what a transformation specifically entails (Moore et al. 2014) . However, aspects of change can still be examined and understood through integrating and employing established theories around human and ecological dynamics. For example, Olsson et al. (2006) use a social-ecological perspective to examine key factors involved in governance change and transformation, such as knowledge building, networking, and leadership. Moore et al. (2014) detail an approach for understanding transformation of social-ecological systems by combining perspectives from literature on social movements, transition management, and social innovation. Foxon et al. (2009) employ the concepts of adaptive management and transition management to describe different perspectives on managing and governing change, and how users of these perspectives can learn from one another. The proposed framework builds upon the work of Hertz and Schlüter's (2015) on frameworks (as boundary objects) capable of reconciling ontological assumptions and bridging disciplinebased vocabularies. It also responds to the call for more integrated tools for interrogating transformative change (Future Earth 2014) , and goes beyond the examination by Westley et al. (2013) of agency in social-ecological system transformations, and Patterson et al.'s (2017) exploration of the role of politics and governance, to include consideration of the interactions between scale dynamics, actor performances and relations, power distributions, and notions of place, in driving development path trajectories at the local level. Similar to the research described above, we also draw from established theory and select three conceptual frames that we deem particularly useful for providing insights into the nature and nuances of change in development paths: social practice theories (SPT), social-ecological systems (SES), and the multilevel perspective (MLP) on transitions. They were specifically selected because of their differences in perspective and focus, and because they allow for complementary analysis and a deeper understanding of change. SPT examines social phenomena through practices, and elucidates how performances (and relationships between these) can result in certain development paths. SES thinking characterizes the world as a series of dynamic, interconnected human and ecological systems, and introduces the elements of interdependency between human and natural systems and change over time. MLP captures an often missing perspective on interplay, power, and conflict between levels of government in the sustainability literature (Geels 2014 ). The latter is particularly important given the number of scholars who argue that governance, and governments themselves, constitute some of the most critical issues facing both climate and sustainable development inaction (Dale and Hill 2001 , Betsill and Bulkeley 2007 , Burch 2010 , Hodson and Marvin 2010 , Murray and King 2012 .
DEVELOPMENT PATHS
Intergovernmental Panel on Climate Change (IPCC 2007:696) refer to a development path as "a complex array of technological, economic, social, institutional, cultural, and biophysical characteristics that determines the interactions between human and natural systems, including consumption and production patterns in all countries, over time at a particular scale." Rather than determining "interactions between human and natural systems," development paths might more usefully be considered as both the cause and the outcome of these interactions. One way to understand a development path is to think of it as a dynamic array of reinforcing principles, values, materialities, and collective projects that steer development (Smith et al. 2010) . Development paths reflect our collective socio-cultural values, and dominant socio-political structures (Muñoz-Erickson 2014) . It should be noted that there is no one single right development path, rather, there are multiple paths (Muñoz-Erickson 2014) for the possible futures of communities. They result from complex interdependencies among multiple actors, institutions, and markets and are reinforced or opened up by socio-technical regimes. Current development trajectories reflect the unique intersection of purposive development decisions made many decades ago, and extra-societal forces and trends beyond our predecessors' control. Although we can refer to some unsustainable decisions and supporting policies made in the past, e.g., wide-scale commitment to infinite economic growth, persistent reliance on the internal combustion engine, etc., the fact that we are experiencing a raft of persistent tensions today confirms that current trajectories are usually maintained via strong self-reinforcing positive feedbacks. These feedbacks https://www.ecologyandsociety.org/vol23/iss2/art13/ circulate among a highly interdependent suite of system components, and are the product of many variables and forces related to technological lock-in, historical bias, and society's collective values and actions.
Other scholars refer to development paths, such as the framework ISSC and UNESCO (2013) propose for pathways to equitable and sustainable development employing the concept of social and planetary boundaries, integrated with direction, diversity, and distribution. Although this is a powerful framework, particularly the integration of planetary boundaries and social boundaries, we do not necessarily agree with their classification of social boundaries, but concur with them that "identifying these critical Earth system processes, understanding their dynamic interactions at local, regional and global scales, and proposing boundary levels that avoid key 'tipping points', or biophysical thresholds" (ISSC and UNESCO 2013:84) is essential. We are proposing a framework that navigates among multiple levels and considers the integration of social practices as critical to transformative social change that sustains and ideally, in some cases, regenerates ecological systems.
Overcoming the trajectories of existing socio-technical regimes requires altering what Smith et al. (2010) consider three key momentum factors: mass (actors, materialities, infrastructures), speed (rate at which socio-technical developments arise), direction (overall performance of system innovations). We suggest adding to this list, collective will (borne of human frustration with persistent ecological and social crises) to transform toward a sustainable future. The inertia of socio-technical systems relies on the involvement of human actors and organizations who conduct themselves in the context of normative rules and institutions (Geels 2004) , and any attempt to interrupt the inertia of the system requires a long-term, systems-level view that recognizes the interdependencies of actors, technologies and institutions, the importance of social learning, and the nonlinear trajectories of niche innovations (Loorbach and Rotmans 2010 , Frantzeskaki et al. 2012 . Thus, augmenting our understanding of the structure and motive force behind these paths is essential if local governments are to change or transform current unsustainable development paths; it requires understanding the actors, regime rules, and social-ecological system dynamics that drive these paths.
In the context of local community development, Burch et al. (2014) apply multilevel governance and systems lenses to their conceptualization of development paths. The former lens explicitly focuses on the role of politics, policies, and intergovernmental relations in path inertia and moves to more sustainable patterns of consumption and production (Markard et al. 2012 ). Governments at all levels reinforce existing trajectories through long-term, a priori decisions and public investment in social and technical infrastructures. In addition, conceptualizations of change need to be aware of the interdependencies and interactions among governing bodies. For example, local level decisions and actions can occur as a response to regional policies , Dale et al. 2018 . Therefore, any analysis of changes in development paths needs to reflect the fact that government institutions are part of the dominant regime and act through numerous arms and divisions, and at every level, from local to global (Bulkeley 2005) .
Conceptualizing development path dynamics from a systems perspective builds on transition literature studies , Rotmans et al. 2001 , Shove and Walker 2007 , Holtz et al. 2008 , previous attempts to integrate SES and MLP (Lutz and Schachinger 2013 , Mühlemeier and Binder 2016 , Wolfram and Frantzeskaki 2016 , and efforts to conceptualize different types of system change Vergragt 2013, Gillard et al. 2016) . Such works emphasize the nonlinearity of change at multiple socio-technical levels, the importance of novel experimentation and innovation, the presence of institutional barriers to change, and governance challenges encountered when encouraging more sustainable development paths (Markard et al. 2012 . Applying a systems lens to development path transformation also serves to broaden the unit of analysis from the traditional level of technological artefact and innovation, to include whole socio-technical systems, or more specifically, "the linkages between a multitude of elements (such as artefacts, knowledge, capital, labor, cultural meaning, etc.), all of which are necessary for society to function" (Burch et al. 2014:469) . The current authors agree with Burch et al. (2014) that these interlinked elements, while vital for societal functioning, also support institutional inertia and can contribute to decisionmaking gridlock at all levels of government Newman 2007, Dale 2008) .
When attempting to understand changes in development paths, it is important to consider multiple scales and levels, system effects, and as many sources of change as possible. Therefore, although interrogating development paths from a systems and governance perspective is useful, doing so does require a degree of abstraction that potentially leaves this approach with two significant blind spots. First, such a framing fails to account for ecological system dynamics, and second, the collective agency of actors, or indeed objects (Latour 2005) , is taken for granted and not explicitly addressed. We argue that the force that comes from the aggregated daily activities, both intentional and unintentional, of all the people living in a community, coupled with environmental feedbacks must be included in the study of development paths. Exploring these effects can elucidate what makes a community or society orient their trajectory, and whether a path can be intentionally changed. Furthermore, it is also important to understand intentionality and whether there is a certain degree of conscious commitment toward change necessary for making it occur (Dale, Potvin, Mousseau, et al., eDialogue) . Such considerations allow us to better understand critical intervention points in development paths and the collective role individual actors play in accelerating tipping points through changes in social practices.
Building upon the above discussion, we define a development path as one that . operates at the scale of socio-technical systems and systems of governance, which consist of social systems (formal and informal rules, habits, and norms), networks amongst actors, diverse technologies, and ecological systems;
. is an emergent property of a system, imbued with values, norms, rules, and habits rather than a measurable set of conditions/characteristics;
. exhibits a particular set of interlinking regime rules and behaviors, including inertia and cascading effects over time;
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. at its base, is coconstituted by individual actors and their daily activities or practices;
. is a driver of change (linear, nonlinear, and emergent) in inextricably coupled ecological and social systems.
EXAMINING DEVELOPMENT PATH CHANGE
The development path definition presented above illustrates their complexity and how they are layered with social, political, cultural, economic, and ecological dimensions. Climate solutions are beyond any one sector, any one level of government, and any one disciplinary perspective to solve (Dale and Hill 2001) . These challenges are multiscalar, cross-border, and require unprecedented levels of collaboration between governments-local, regional, national and global-and necessitate the full support of civil society to implement solutions at these multiple scales (Dale et al. 2018) . Complex interdependencies and interrelations need to be reconciled to realize simultaneous climate and sustainability imperatives. Traditional reductionist methodologies of earlier scholarship were not designed for understanding the entanglements found between complex system dynamics and human systems, thus resulting in an incomplete understanding of human-ecological interdependencies, coevolutionary processes, and limits. Without a more integrated understanding, we ignore critical system conditions necessary for all life; what Rockström and colleagues refer to as the safe operating space for humanity (Rockström et al. 2009 ), and other scholars have debated as the contested concept of ecological limits (Norgaard 1995 , Davidson 2000 , Brown et al. 2011 ).
In light of the discussion above, effective analysis of development path change for climate action mitigation and adaptation requires an integrative framework that can capture a wide variety of factors. To this end, we selected three theoretical perspectives that we believe complement one another in a manner that allows for comprehensiveness in investigations around development path change. Although they differ significantly in their foci, each perspective has direct applicability to researching the complex nature of coevolving ecological and human systems (Norgaard 1994) .
We unpack the epistemological frames of social practice theories, social-ecological systems thinking, and the multilevel perspective on transitions to reveal their potential for contributing to understanding changing development paths, and to explore the possibility of developing an integrative framework for addressing the challenge of analyzing and assessing development paths. This challenge arises from the necessity to change local development path trajectories, while not having a conceptual scheme that allows researchers and local governments to comment on or systematically analyze the multiscalar, subject/structure/ ecosystem interactions that maintain them. Using this framework in forthcoming case study fieldwork, we anticipate that we can develop a more comprehensive understanding of how and when local governments can intentionally intervene in current development paths to transition, and ultimately transform, to the necessary critical conditions for keeping the increase in global average temperature to within a 1.5°C limit. Integration of these three perspectives ensures consideration of place, people, and politics and leads to collection of "thicker" data.
Social-ecological systems
The SES framework (Berkes et al. 2002 , Walker et al. 2004 , Folke et al. 2005 , Bondizio et al. 2009 , Cote and Nightingale 2012 captures interdependencies between humans and their surrounding ecosystems, which is particularly important in terms of engaging with the "place" context of local climate change impacts. SES introduces the concept of nested systems, and characterizes the interrelationship of systems from one level to another and the formation of networks, as more web-like than layered (Olsson et al. 2004 , Cash et al. 2006 . The concepts of nested levels and cross-scale interactions provide a suitable avenue for analyzing the effects of drivers originating at various levels, including the interplay among levels of governments. SES also brings forward the concept of panarchy (Holling 2001, Gunderson and Holling 2002) in which the social (human) and ecological (biophysical) subsystems are considered together as interdependent, coevolutionary, and linked through feedback loops (Norgaard 1994 , Berkes et al. 1998 . Understanding both impacts of human systems and resulting feedbacks from coupled social and ecological systems is critical for climate research and governance analysis. Ecological systems are the ultimate limiting factor for our continued existence and well-being, and thus the system dynamics described through SES shape the preconditions for transformation and our capacity to transform to a more sustainable state.
SES also introduces nuanced ways of looking at scale, spatially as well as temporally. The focus on multiple scales and cross-scalar effects allows for interrogation of "top-down" and "bottom-up" actions within a multilevel system, and the attention to crossscalar effects allows for units of analysis that are located at different positions on a scale (Gibson et al. 2000 , Cash et al. 2006 ). In addition, the SES perspective recognizes that such system interactions can have nonlinear dynamics.
Perhaps the most important quality of SES in the context of researching development paths is that it presents systems interactions as occurring dynamically within a change continuum based on the adaptive cycle (Walker et al. 2004) . This allows for an understanding of how development paths can operate or shift as systems enter different phases of growth/exploitation, accumulation/conservation, collapse/release, and renewal/ reorganization (Holling 2001) , which is essential if temporality is to be captured in the analysis. This reinforces the idea that both social and ecological systems are not static and are in dynamic equilibrium, which is a notion that can reveal ways to inform policy development that could potentially reduce lock-in and path dependencies. In addition, the adaptive cycle fosters a clearer understanding of the cross-scale systems interactions involved in panarchy, such as "remember" and "revolt" interactions (Holling 2001) . Respectively, these involve interactions where a larger system in the conservation phase can facilitate the renewal of a smaller system, and where a smaller system experiencing a critical change can stimulate a similar change in a larger system, i.e., revolt. Investigating the former can provide insights into how higher levels of government influence and provide context for local communities in the reorganization phase, and investigating the latter allows for insights on the influence of emergent ideas, and by proxy, niche and social innovations (Abidi-Habib and Lawrence 2007). Furthermore, the adaptive cycle illuminates the need for transformative change through its emphasis on release https://www.ecologyandsociety.org/vol23/iss2/art13/ and reorganization, destabilization and emergent properties, often dampened down by socio-technical regimes.
Multilevel perspective
The systems approach to development paths is informed primarily by transition studies including strategic niche management , Hoogma et al. 2002 , Raven and Geels 2010 , technological innovation systems (Hekkert et al. 2007 , Bergek et al. 2008 , transition management (Kern and Smith 2008, Loorbach 2010) , and the multilevel perspective on transitions (Rip and Kemp 1998 , Berkhout 2002 , Geels 2004 (Rotmans et al. 2001 , Smith et al. 2005 . Finally, the MLP focuses on multiscalar interactions among three activity levels, i.e., landscape, regime, and niche. Its emphasis on multiple, simultaneous interactions within and between scales, and reconciliation of both micro-and macro-scale action make the MLP particularly well suited to analyzing development paths and differing levels of government policy development.
Unlike the panarchy perspective taken by SES (Berkes et al. 1998 , Gunderson and Holling 2002 , Norgaard 2010 , an MLP perspective assumes a more hierarchical structure, which is useful for analyzing development paths because it captures relationships between levels of government and socioeconomic activities. It also can be used to examine institutional structures and relations to illuminate whether higher level government policies (or the actions of a regime) mesh with existing local adaptations to climate variations, or conversely, undermine them (Young et al. 2008 , Adger et al. 2011 . This is important information for optimizing government policy (Dale 2008 (Dale , 2015 .
With respect to changing a development path, the MLP conceptualizes the stable regime as the deep structural level, or "conglomerate of structure (institutional and physical setting), culture (prevailing perspective), and normative practices (rules, routines, and habits)" (Rotmans and Loorbach 2009:185) . In simple terms the regime can be thought of as the status quo in society, or a reflection of a collective understanding of how things are normally done. The regime not only provides the rule sets and resources that guide actors, but it is also the product of collective actions by agents (Geels 2011) , in much the same way that social practices are both the medium and outcome of social structures (Schatzki 2001) . This is an important distinction made by the MLP as it denies the presence or absence of a single cause or driver behind transitions, and instead points to "circular causality," or the idea that transitions come about as a result of multiple, simultaneous processes in multiple dimensions and at different levels (Geels 2011:29) . Geels (2011) argues that radical reconfiguration of the regime is critical for development path reorientation yet involves synergistic action at all three levels. Dale and colleagues (2015) similarly argue that policy congruence is necessary between and among levels of government.
Niche-level experiments create new ways of doing and thinking that sometimes change the orientation of regime values and rules (Geels 2005 (Geels , 2011 MLP also provides a useful means for analyzing how change might be influenced and governed in the context of climate action. This approach has valuable application for climate action research because as stated earlier, we are interested in the ability to deliberately intervene for change, and how development paths can be intentionally influenced to support climate solutions. For example, Schroth et al. (2011) convened a collaborative adaptive planning workshop in Entlebuch, Switzerland which involved a discussion on decreasing snow cover in the local mountains and its potential impacts on an economy dependent on ski tourism. This led to a consensus that economic diversification is needed, which entailed deliberate changes in the local economic system and also community identity, i.e., changing from a ski town to another identity.
Although the MLP perspective is largely apolitical, some MLP scholars address issues of power, control and conflict, by making regime power and dominance explicit. Grin et al. (2010) locate different forms of power at each of the MLP's three levels: relational power-niche experiments; dispositional power-regime; structural power-landscape. To be clear, we are interested in power as it is manifested via established practices and associated rules at the institutional and regime level, rather than the individual and subjective levels. Although the MLP presents power as an inherent quality of the regime and does not explain the causal mechanisms behind it, its utility is in acknowledging the ways in which power is maintained and distributed within regime structures, that is, by fostering and defending collective values, goals, and internal logics through institutional arrangements and normative practice. Through this perspective, we can interrogate whether for example, the regime is more hostile to transformative change than lower level orders and how such hostilities might impact the potential for local level change. In a similar vein, MLP allows for an investigation of the influences exogenous variables have on local government change dynamics. SES, of course, also addresses the influence of exogenous variables and MLP applies this to interactions at different levels of societal organization. This is important for understanding how constrained communities are https://www.ecologyandsociety.org/vol23/iss2/art13/ by these variables and what they can do to break free from these constraints.
Social practice theories
The key epistemological contributions made by social practice theories concern the actor-structure interdependence, the intelligent force of society, shared but tacit consensus on values and understanding, the observation that social institutions are constituted by intersubjective interactions, and the importance of material artifacts in structuring agency (Bourdieu 1977 , Schatzki 1997 . In opposition to both structuralism and rationalism, practices are the unit of social analysis, and it is through these events that the individual is defined and structural forces empowered. We propose to traverse this binary just as Giddens (1984: 2) does when he proposes that our role as social scientists is to study, "neither the experience of the individual actor, nor the existence of any form of social totality, but social practices ordered across space and time." The literature includes a variety of definitions of social practices, but Reckwitz's contribution offers one of the most explicit definitions. He suggests a social practice is, a routinized type of behavior which consists of several elements, interconnected to one another: forms of bodily activities, forms of mental activities, 'things' and their use, a background knowledge in the form of understanding, know-how, states of emotion and motivational knowledge (Reckwitz 2002:249) . Spaargaren et al. (2016) boil down the most commonly referenced definitions into one comprehensive definition, which proposes that social practices are,
[s]hared, routinized, ordinary ways of doing and saying, enacted by knowledgeable and capable agents who -while interacting with the material elements that co-constitute the practice -know what to do next in a non-discursive, practical manner (Spaargaren et al. 2016: 8) .
Together, these two definitions help characterize the place of free will and agency in transformative social processes, as they emphasize the hanging together and inseparability of practices from the capacity of skilled actors to make sense of the social world and express internal emotions and will.
The elements constituting practices-materials, competence, and meaning-are central to the ways in which practices emerge, evolve, persist, transform, disappear, and reappear (Schatzki 2012 , Shove et al. 2012 . Wholesale changes to the constituent elements of a practice, or the relations between bundled practices, are required for development path change. Therefore, examining practice elements and the linkages between practices can yield fruitful insights into disaggregating technological lock-in and path dependence.
In the practice-centered view of society, actors follow rules, obey norms, and comprehend meaning through their tacit knowledge and performance of practices, and by doing so, they breathe further life into the structures that dispose them to perform the practices in the first place. Human cognitions are not the site of the social, yet actors do play a role in social processes as carriers and interpreters of practice entities (Schatzki 2012) . Practices endure and evolve over time thanks to unconsciously compliant humans who perform act after act in accordance with the unwritten rules practices engender (Collins 2001 , Schatzki 2001 . However, actor obedience is not without limits. We subscribe to Røpke's (2009) view that, far from being loyal slaves, actors express their agency via their cognitive, physical, and interpretive skills during practice performances. An individual's skills reflect individual and collective notions of place, changing values, and teleo-affective goals, but they are not static. Thus, they result in slightly different practice performances over time that can give rise to new practices. These performance permutations reflect the degree to which a practice's internal logic and structure is tacitly recognizable, and hence adoptable by an actor. In this way, SPT accounts for the agency and individual values within socio-technical and socialecological change dynamics, but it does so in a way that limits the reach of individual cognitions.
The conceptual gap between a single practice, or even practice bundle, and processes of technological lock-in is significant. Practice theories provide insights into how discrete human activities are linked to larger scale social change, and action at various scales and levels. We define development paths praxeologically as a complex array of intertwined, mutually reinforcing, and coevolving practice bundles, e.g., automobility, consumption, international trade, education, etc., performed through space and time. In effect, a praxeological view of the world permits us to reorient our attention toward the activity, e.g., driving or walking, energy consumption or conservation, purchasing locally or purchasing imported goods, rather than the person doing it. By focusing on how practices and practice bundles form and evolve, rather than on individuals who perform practices, we gain a fresh perspective on social change dynamics. This is why we see value in linking practice theory with MLP concepts of niche, regime and landscape, and social-ecological systems thinking.
TOWARD AN INTEGRATIVE FRAMEWORK
Interrogating development path dynamics, requires a suitably flexible and fluid framework. Such an analytical approach, we suggest, should account for the complex characteristics of development paths, such as multiple scales of action and interaction, power dynamics, institutional dynamics, nonlinearity and ecological feedbacks, spatial embeddedness, and the fundamental reliance their inertia has on individual actions and understandings. To this point, we have unpacked the discrete contributions that the three theoretical approaches make to understanding development path change. Now we examine the areas of crossover and synergy between the three approaches in an effort to move toward a novel and integrative framework that can be used to illuminate the processes that determine development path stability and change. To be clear, we do not argue for a full integration of SPT, MLP, and SES because each has its own internal logic and epistemological concerns. Rather, we suggest that interrogating development path dynamics using vocabulary and concepts borrowed from these frames can help to paint a more complete picture of the diversity of scale, institutional and actor interactions, and social-ecological feedbacks involved.
When considering the nature of socio-technical and socialecological systems through the three lenses, we find sites of interconnection and crossover, but perhaps more importantly, we see how they complement one another. With respect to the https://www.ecologyandsociety.org/vol23/iss2/art13/ functioning of networks and relations between discrete actors, we acknowledge the earlier work of Bodin and Norberg (2005) , Olsson et al. (2006) , and Crona and Parker (2012) to conceptualize the role of networks in adaptive ecosystem management, and work that has examined networks in the SES context (Beilin et al. 2013, Nabavi and Daniell 2017) . We contend, however, that these theoretical perspectives in themselves do not fully address how the formation and dynamics of relationships between individual actors and groups can lead to changing path dynamics. For this, we turn to social practice theory and the multilevel perspective because they are well positioned to address the notion of networks, i.e., practice bundles and complexes, socio-technical regimes, and cross-scale interactions, and their respective constellations of relations and varying degrees of stability (Geels 2010 , Shove et al. 2012 . Conversely, fundamental issues such as resource depletion and ecosystem failures are explicitly addressed through SES's emphasis on the important relations between human systems and their impacts on ecosystem cycles and services, whereas they are only handled tangentially by SPT and MLP. In this way, SES compensates for SPT and MLP, both of which have little to say about ecological feedback dynamics, while SPT and MLP can do the same for SES in terms of networks and actors.
Space and place
With respect to spatiality, practice theories understand practices as "open-ended spatially-temporally dispersed nexus of sayings and doings" (Schatzki 2012:14) , which potentially situates them anywhere and everywhere in space and not in explicitly hierarchical levels like those seen in systems of governance and economies. SPT does, however, highlight the spatial embeddedness of individual and institutional actions, which aligns well with the role of place in determining climate action and policy. MLP is criticized by some for not adequately accommodating spatial issues, but we agree with Murphy's (2015) findings that suggest the interactions and couplings among niche, regime, and landscape levels are fundamentally shaped by sociospatial processes. SES is substantially concerned with space and place, providing concepts regarding interactions between spaces, e.g., ecosystems, environments, economic zones, the urban, etc., each with its own socially constructed meaning. Stedman (2016) warns of the highly subjective nature of meanings of place, including spaces in the natural environment, in social-ecological systems thinking. We agree with his proposition that people, not places, create a sense of place via a "proliferation of place meanings" (Stedman 2016:896) .
Agency
The role of agents in social change and development path trajectories, is highly contested. One view is that humans are free, autonomous actors who provide the primary motive force behind social change, while another perspective portrays human actors as "faceless automata" (Geels 2004) or "cultural dopes" (Giddens 1984) , obliged to perform static functions and follow fixed rules that they cannot change. We take a Giddensian approach that attempts to bridge this either/or binary. Giddens' (1984) notion of the duality of structure allows structures to be both product and medium of intersubjective actions performed by agents who knowledgeably and actively deploy rule systems to negotiate their worlds within the constraints of those same structures. This framing of agency aligns with Geels' (2004) conceptualization in the MLP where actors ingest and express values, and the argument of Spaargaren et al. (2016:8) that actors simply "know what to do next in a non-discursive practical way." Although SES is criticized (Stedman 2016) for not engaging with the inherent subjectivity of social-ecological systems, the current authors take insights from actor network theory and recognize the distributed agency (Rammert 2008 ) of human and nonhuman actors, e.g., landscapes, artifacts, etc., all of which figure prominently in ecological system stability. Social practice theories, therefore, adhere to this notion of constrained agency and the messy world of intersubjective interactions, where actors are highly knowledgeable about the fields within which they operate, despite not necessarily being able to vocalize their cognitions or all of their goals and motivations. SPT therefore proposes that individuals interpret practice performances according to both structuring forces and routines maintained by internal rule sets. The result is slight mutations to discrete practice events, yet importantly, these performance mutations leave the original practice intelligible to others, and available to reinforce larger societal structures. Each of the three frames deals with agency in a different way, but in doing so, they triangulate with each other to create a fuller picture of actors than any one frame could provide by itself.
Actor and institutional relations
Turning to the important question of how relations between regime actors are developed, maintained, or altered, we find the MLP provides only a superficial explanation. SPT compensates for this shortcoming by allowing us to apply a practice lens to the various socio-technical systems constituting the regime level. By doing so, we can conceive of these socio-technical systems as groupings of practice complexes, i.e., groups of tightly bound, coevolved, and codependent practices. Practice complexes, which drive circuits of reproduction, constitute powerful social projects, i.e., coevolved institutions in stable regimes, and often outcompete fledgling practices for loyal actors, just as hostile regimes impede novelties and niche experiments from flourishing easily. Similarly, a niche experiment discussed in MLP terms can be understood at a more detailed level by SPT as an example of reconfiguring relations between existing practice elements, or indeed, as a new configuration of practice elements.
The nonlinear trajectories and feedback effects inherent in development paths are not well addressed by MLP and SPT, yet SES thinking and Holling's adaptive cycle can help fill this gap and explain how social-ecological systems tend to move sequentially, powered by feedback effects, through different phases of growth, conservation, release, and reorganization. Further, multilevel governance is considered by many as vital to shift toward more sustainable community development (Dale et al. 2018 ), while to a lesser degree, MLP usefully conceptualizes scalar interrelations between and among institutions, both governmental and non.
Power
Whereas MLP and SES tend to represent power in rather abstract terms as a given or constant in any socio-technical or socialecological system, SPT helps us understand the mechanisms by which power and influence can actually grow and consolidate within a regime, that is, through ever larger numbers of actors adopting and maintaining loyalty to a particular practice or https://www.ecologyandsociety.org/vol23/iss2/art13/ bundle of practices. The question of why some practices or ideas gain more traction than others can be explained praxeologically. At a subjective level, SPT tells us that an actor's decision to adopt a practice, and thereby contribute to its overall influence in a regime, reflects the recognizability or meaning embedded within the practice, and whether or not the actor possesses the requisite skills and materialities to perform the practice successfully (Schatzki 2001) . Framing power dynamics in this way raises important questions about the mechanisms by which intersubjective relations help establish and maintain power within a regime. Concerns about the variability and dominance of particular meanings, expressed by socially accepted actor roles and established power dynamics, overlap nicely with practice theories that emphasize socially understandable performances, and the MLP that draws attention to those meanings that are deemed acceptable, and hence reproducible in any given system.
Within socio-technical and social-ecological spheres we find diverse actors interacting, ranging from individuals and institutions to objects and entire landscapes. The challenge is to disaggregate these influences. Therefore, although SPT helps us understand the role that individuals play collectively in maintaining dominant practices, creating new practices, and contributing to regime stability or innovation, our approach expands on the list of usual suspects by implicating institutions, industrial sectors, i.e., via MLP, as well as systems and species of the nonhuman world, i.e., via SES. In this way, our framework allows objects and nonhumans to be understood variably depending on the context within which they are found, that is, as either integral elements in a practice performance, as technologies, as physical contributors to sense making and meaning, or as part of the environment within which system interactions unfold. We suggest that this sort of triangulation using the three approaches broadens the scope of analysis, and enhances our understanding of development path change. Table 1 summarizes the relative strengths of each framework with respect to power, scale, agency, and place. (Berkhout and Westerhoff 2013 , Dale et al. 2013 . These provincial initiatives have spurred innovation and action at the local level, and using a contextual, comparative case study research methodology (Stake 1995 , Yin 2002 , MC³ studied these actions/innovations in 11 BC communities.
The MC³ case study research was conducted in 2012, and we plan to revisit the case study communities with the intention of using the framework detailed in this paper for examining community development paths. As previously mentioned, we do not fully integrate SPT, MLP, and SES; rather, we employ them in a complementary fashion to develop a more comprehensive picture of scalar interactions, actors, power, and place. Our methodology involves semistructured interviews using an interview protocol that draws from each of theoretical lenses, which is a similar approach to that presented by Foxon et al. (2009) for examining different change management/governance frameworks, i.e., adaptive management and transition management. Interview questions drawing from SES will capture relationships between humans and nature, as well as the ecological dynamics that affect these relationships. Questions drawing from MLP will elucidate relationships and interactions between different levels of government and actors, as well as the internal logic and values of the regime. Questions drawing from SPT will concern practicesas-entities both in the local government and community. Table 2 provides sample questions that could be included in this proposed interview protocol.
Because Table 2 only captures sample questions, it is not a comprehensive representation of the framework outlined in this paper. However, what Table 2 does demonstrate is that although our framework interrogates complex ideas, its methodological application is relatively straightforward, consisting of a series of interview questions developed through each of the three theoretical lenses. The key consideration of this approach is to avoid attempts to unify and reconcile differences between the three theoretical streams examined in this paper, and instead, simply investigate through each of these lenses to create a single dataset that captures all three perspectives.
CONCLUSIONS
COP 21 in Paris saw world leaders, the business sector, and civil society agreeing that fundamental societal transformations are needed to avoid catastrophic impacts of climate change. National commitments will not be enough to meet the targets established in Paris. But what kinds of transformations and shifts in practices, cultures, and human ecological relations will be sufficient and how will they be stimulated and achieved? How can we understand what is needed at the local level and what entry points could lead to effective change? Shifting current development paths will require profound understanding of multiscale interactions, social practices, and path dependencies, as well as the nature of sociotechnical and social ecological systems and their potential for change. No one currently employed analytical perspective can achieve this alone. We contend that a combination of the approaches and perspectives operating at different levels of societal organization discussed in this paper will lead to deeper understanding of these variables and point the way to In what ways do your existing plans and planning processes take into account both human and ecological well-being in your community, and do your plans acknowledge and protect ecosystem services (for example, do their plans include food security)? Have any of your innovations contributed to increased understanding of the importance of ecological integrity in the community? Multilevel perspective (MLP) How important and in what ways was provincial legislation, policies, incentives, and mandated reporting to your local climate action? How influential were external actors and existing networks in triggering community or organizational change since we last interviewed you? (prompt for norms, rules, and practices) Are there influencing forces or drivers, beyond your local government's control and influence that affect how and what climate/sustainability decisions are made in your municipality? Social practice theory (SPT) Can you describe any behavioral changes in your organization and the community that have happened since we last interviewed you? What specific institutional (policies or programs) or social changes in your community have you observed as a response to the implementation of your climate action since the last time we interviewed you? How influential do you feel you can be with respect to changing or altering the "rules of the game" in your organization, and can you give us an example(s)? transformation and effective long-term action in response to climate change.
We, like others (Geels 2005 , Geels and Schot 2007 , Frantzeskaki and de Haan 2009 , Williams 2016 are skeptical that transformation to sustainability only starts in niches at the local level, and that wider social changes and regime shift transformations are driven or emerge from these. In forthcoming research, we plan to explore key questions around change, in particular, if change emerges from the niche level, and even if it influences change at the socio-technical regime level while the landscape level remains the same, is transformative change possible? Given the characteristics of climate change, it is our assertion that only if congruent change happens at all three levels, that transformative change such as moving to carbon neutral economies is likely to occur. That transformative change for climate change adaptation and mitigation might only happen if all three levels align is indeed a sobering thought and a significant challenge.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/10029
